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SUMMARY

Aerodynsmic characteristics of the NACA 0010-1.50 40/1.051 air-
folil section have been determined from wind-tunnel tests at Mach numbers
from 0.3 to 0.9. The corresponding Reynoclds number variatlon was from
approximately 1 X 10% to 2 X 108. These regults for an airfoll with =
leading-edge radlius of 1.50 percent of the chord are compared with those
of a previcus investigation of the effects of leading-edge-radius vari-
ation from 0.27 to 1.10 percent of the chord on the charsascteristics of a
JO-percent-thick, symmetrical slrfoil section at high subsonic Mach
numbers.

The comparison indicstes small increases of the Mach numbers for
1ift and drag divergence at low 1ift coefficients for the sectlon with
the largest leading-edge radius.

INTRODUCTION

In reference 1, the effects of systematic reduction of the leading-
edge radius on the variation with Mach mummber of the serodynamic charac-
teristics of a 10-percent-thick, symmetrical airfoll section were
reported. To examine the effects of an increase iIn leading-edge radius
for the same airfoil section, the present investigation was undertaken
in the Ames 1- by 3-l/é-fbot bhigh-speed wind tunnel. The airfoll is of
the modified NACA four-digit series (see ref. 2), with maximum thickness
at the 40-percent-chord position and with a trailing-edge angle of 12°.
In the present instance the alrfoil leading-edge radius 1s 1.50 percent
of the chord; whereas in reference 1 the radil were 1.10, 0.70, and 0.27
percent of the chord. To facilitate comparison, the results of refer-
ence 1 are reproduced in the present psaper.
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NOTATION
8o section lift-curve slope at zero 1ift coeffilcient, per deg
c3 section drag coefficient
cy section 1ift coefficlent
lmax maximum section 1ift coefficient
Cm gsection pitching-moment coefficient about the quarter-chord
c/a point
M Mach number
Mg drag-divergence Mach number, defined as the Mach number at
which <%§% = 0.1
= conatant
My " 1lift-divergence Mach number, defined as the Mach number corre-
sponding to the initial inflection point on curves of section
1ift coefficlent as a function of Mach number at constant
angle of attack
R Reynolds number
[+ A8 section angle of attack, deg

ATRFOIL DESIGNATION

The airfoll sectlon of the present lnvestigation 1s deslgnated as:
NACA 0010-1.50 40/1.051. The first diglt of the alrfoil designation indi-
cates the camber in percent of the chord; the second, the position of the
camber in tenths of the chord from the leading edge; and the third and
fourth, the maximum thickness in percent of the chord. The decimgl number
following the dash 1ls the leading-edge-radlus Index; the leading-edge
redius as a frection of the sirfoil chord is given by the product of the
radius index and the square of the thickness-chord ratio. A radius
index of 1.10 is standard for the NACA four-digit-series airfoil sections.
The two diglts immedlately preceding the slant represent the position of
maximum thickness in percent of the chord from the leading edge. The
last decimal number is the tralling-edge-angle index, the angle being
twice the arc tangent of the product of the angle index and the thickness-
chord ratio.
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The coordinates of the airfoil investigated are given in table I.
This airfoil profile is illustreted in figure 1 along with those of
reference 1 to show the influence. of leading-edge radlus on profile
shape. Co ) : o ' :

APPARATUS AND TESTS

The test was conducted in the Ames 1- by 3-l/é-foot high-speed
wind tunnel, a low-turbulence two-dimensional-flow wind tunnel.

The airfoil model was of 6-inch chord and was constructed of
aluminum alloy. The model completély spanned the 1-foot dimension
of the tunnel test section. Contoured sponge-rubber geskets compressed
between the model ends and the tunnel walls preserved two-dimensional
flow by preventing end leakage.

Measuremente of 11ft, drag, and quarter-chord pitching moment were
made simultaneously at Mach numbers from 0.3 to approximately 0.9 for
the model at angles of attack increassing by increments of 1° or 20
from -2° to 120. This range of angles was sufficient to encompass nega-
tive 1ift at a1l Mach numbers and the 11ft stall up toc a Mach number
of 0.8. The Reynolds number variation with Mach number for the test is
1llustrated in figure 2.

Lift forces and pltching moments were eveluated from measurements
of the pressure reasctions on the tunnel walls of the forces on the air-
foll. Drag forces were determined from wake-survey measurements made
with a rake of total-heasd tubes.

RESULTS AND DISCUSSION

Section 1ift, drag, and quarter-chord pitching-moment coefficilents
are presented as functions of Mach number at constant angles of attack
in figures 3, 4, and 5, respectively, for the NACA 0010-1.50 40/1.051L
airfoil section. Corrections for tunnel-wall interference by the
methods of reference 3 have been applied to the data. The results shown
as dashed portions of the curves should be used with csutlion because of
the possible influence of wind-tunnel choking effects in this region.

Lift Characteristics

The variation of 1ift coefficlent with angle of attack at constant
Mzsch number is shown in figure 6 for the NACA 0010-1.50 40/1.051 airfoil
section. Maximum 1ift coefficlent ag 2 function of Mach number is pre-
sented in figure T for leading-edge radii of 1.50, 1.10, 0.70, and
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0.27 percent of the chord, respectively. The varlation of lift-curve
slope with Mach number is presented in figure 8 for the various leading-
edge radiil, v

Lift-divergence Mach number as s function of 1ift coefficient is
presented In figure 9 for the leading-edge radii investigated. Although
little change in the Mach number for 1ift divergence at low and moderate
1ift coefficients 1is observed for a leading-edge-radius variation from
1.10 to 0.27 percent of the chord, an increase of approximately 0.02
Mach number at low lift coefficients 1s noted for the leading-edge radius
of 1.50 percent of the chord.

Drag Characteristics

Drag coefficient as a function of 11ft coefficient at consgtant
Mech number is shown in figure 10 for the NACA 0010-1.50 40/1.051 air-
foll section. A pecullar trend in the drag polars is observed at Mach
numbers above 0.8. At Mach numbers above 0.825, figure L4 shows that
the drag coefficients at 0° and 1° are essentislly the same. This
unusual characteristic has been observed in low-speed tests of alrfoils
having large leading~edge radii. It has been attributed to the fact that
the pressure gradlent on one surface becomes less adverse as the 1ift
coefficlient 1s varied from zero, increasing the relative extent of lami-
nar. flow on this surface with consequent reduction in drag.

The variation of drag-divergence Mach number with 11ft coefficient
is presented In figure 11 for the varlous leading-edge radii. At small
to moderate 11ft coefficients, the drag-divergence Mach number incresses
with incresses in. leading-edge radius.

Pitching-Moment Characterisgtics

Pltching-moment coefficient as a functlion of 1ift coefficlent at
constant Mach number is presented in figure 12 for the NACA 0010-1.50
%0/1.051 airfoil section.

CONCLUSIONS

Comparigon of the results of s wind-tunnel test at high subsonic
Mach numbers of a lO-percent-thick, symmetrical modified NACA four-digit-
serles alrfoil section having a leadling-edge radius of 1.50 percent of
the chord with previously determined results for the same basic airfoil
gection with leading-edge radil of 1.10, 0.70, and 0.27 percent of the
chord indicate but two princlpal effects of leading-edge radius:
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l. The Mach number for 1ift divergence for the airfoill with the
largest leading-edge radius 1s epproximetely 0.02 higher at low 1ift
coefficients than for the other airfoils.

2. The Mach number for drag divergence ig generally Incressed st
low and moderate 1ift coefficlents with Increasing leading-edge radius.

Amesg Aeronsuticsl Laborstory
Nationsl Advisory Committee for Aercnautics
Moffett Fileld, Calif., July 9, 1953
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TABLE I.- COORDINATES FOR THE NACA 0010-1.50 40/1.051
ATRFOIIL, SECTION

[Stations end ordinates in percent of alrfoil chordl

Upper or lower
Station surface ordinate
0 0
5 1.110
15 1.328
1.25 1.653
2.50 2.183
5.00 2.805
T.50 3.203
10 3.500
i5 3.948
20 4,295
25 h.577
30 k. 798
Lo 5.000
50 4,783
60 h,197
T0 3.338
80 2.305
90 1.193
95 .638
100 .100
.E. radius: 1.50-percent chord

‘anﬁg!r’
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NACA 00/0-1.50 40/105! airfoil section
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NACA 00I0-1.10 40/1.05/ airfoil section

NACA 00/0-0.70 40/1.05/ airfoil section

NACA 00/0-0.27 40/.05/ airfoil section

Figure |.— [nfluence of /leading-edge radius on profile shape.
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